In order to test if the rate of onset of sensation of warmth in the legs after the injection of 0.5% bupivacaine might discriminate between subarachnoid and extradural injection, 150 urological patients were allocated randomly to receive either spinal anaesthesia with isobaric (IS) or hyperbaric (HS) 0.5% bupivacaine, or extradural anaesthesia with isobaric 0.5% bupivacaine. The volume of the local anaesthetic for spinal anaesthesia and for the extradural test dose was 3-4 ml. The patients were asked to report at once if they had a sensation of warmth in the legs during or after injection of local anaesthetic. The mean time to the sensation of warmth was significantly shorter in the spinal groups (80 (SEM 10) s in IS and 76 (8.0) s in HS) than in the extradural group (558 (38) s). However, six patients in the IS and two in the HS group had no sensation of warmth.
It is generally recommended that a test dose of local anaesthetic is used during performance of extradural anaesthesia, in order to avoid a high spinal block [1] . Lignocaine 2-5 % in a volume of 1. 5-2 ml with or without adrenaline is considered to be the most reliable local anaesthetic for use as a test dose [2] , whereas isobaric bupivacaine is regarded by some as unsatisfactory because of variability in the level of the subarachnoid block produced and the highly variable onset of action as a spinal anaesthetic agent [3] . The detection of sensory (pinprick) and motor block after intrathecal lignocaine as a test dose involves the inspection, identification and injection of two different solutions and the patient may move during the procedure, thus displacing the Tuohy needle.
In an elegant study, Gordh demonstrated that the first effect of spinal anaesthesia with heavy lignocaine and amethocaine was a subjective feeling of warmth in the feet. This occurred within 30 s after injection of the local anaesthetic and was not associated with sympathetic block [4] .
The object of this study was to determine if the sensation of warmth in the lower limbs could serve as a reliable indicator of subarachnoid injection when using 0.5 % bupivacaine as a test dose.
METHODS AND RESULTS
The study was approved by the Institutional Ethics Committee. After giving informed consent, 150 patients undergoing urological surgery were allocated randomly to three groups of 50 to receive spinal anaesthesia with isobaric (IS) or hyperbaric (HS) 0.5 % bupivacaine, or extradural anaesthesia with 0.5 % isobaric bupivacaine. The spinal or extradural needle was inserted at the 3rd lumbar interspace, with the patient sitting. after an interval of 3 min. The patient was asked to report immediately any sensation of warmth in the lower extremities. The sensory level (pinprick) and degree of the motor block (Bromage's scale) were noted 20 min after the injection. Mann-Whitney U test was used for statistical analysis. Data are reported as mean and SEM. The patients were comparable in age (mean 69, range 37-89 yr), height (173 (0.6) cm), weight (78 (1) kg) and sex distribution (93 % male). The mean time to sensation of warmth was significantly (P < 0.0001) shorter in both spinal groups (IS: 80 (10) s; HS: 76 (8.0) s), compared with the extradural group (558 (38) s) ( fig. 1 ). Six patients in the IS, two in the HS and three patients in the extradural group had no sensation of warmth. Fifty percent of those who did not report warmth reported pins and needles or numbness as the first symptom of the block. The groups had comparable sensory block levels (T8 + 0.2) 20 min after injection of bupivacaine. The frequency of total motor blocks was greatest (78%) in the IS group and least (4%) in the extradural group. COMMENT The sensation of warmth appeared significantly faster in both spinal groups. Only three patients in the isobaric spinal and four in the hyperbaric spinal group reported feeling warmth after 3 min, whereas none of the patients in the extradural group had experienced any sensation of warmth by 3 min. However, six patients in the IS group failed to sense warmth in the lower extremities. One patient in the IS group had severe atherosclerosis, otherwise there were no neurological or other diseases which might have influenced the results. One of the patients described in the study by Gordh [4] had Buerger's disease, but was able to sense warmth in the phantom foot. In that study, only hyperbaric lignocaine and amethocaine were used, which might explain the faster and more consistent appearance of the sensation of warmth. The 88 % sensitivity of the test dose in the present study with hyperbaric 0.5 % bupivacaine was not significantly better than that (82%) after isobaric 0.5% bupivacaine.
The sensation of warmth in spinal anaesthesia is probably caused predominantly by stimulation of afferent thermal fibres by local anesthetic solution, as the symptom appears much earlier than an increase in skin temperature [4] . In contrast, the late sensation of warmth in the extradural group is more likely to be associated with sympathetic block and concomitant increase in skin temperature. Prince, Shetty and Miles studied the safety and efficacy of 1.6 ml of isobaric 0.5 % bupivacaine as an extradural test in obstetric patients [5] . They found that complete inability to raise the foot from the bed by hip flexion with the knee held straight was the only definite sign of subarachnoid injection. In addition, the final diagnosis could not be made until 10 min after injection in 10 % of patients. Unfortunately, the sensation of warmth in the feet was not recorded in this study.
If the sensitivities and the specificities of the test doses proposed by Abraham and colleagues [2] , Prince, Shetty and Miles [5] and the present study are compared (table I) , at 3 min the most sensitive test is pinprick analgesia with plain 0.5 % bupivacaine 1.6 ml and 1.5% heavy lignocaine 2 ml, the respective specificities being 75 % and 99.6 %. Pinprick anaesthesia and inability to raise a straight leg after plain bupivacaine 1.6 ml and warmth in the legs after 0.5 % isobaric bupivacaine 3-4 ml have 100 % specificity, but the respective sensitivities are 50%, 70% and 86%. Assuming that the incidence of unintentional dural punctures is about 1 % [6] , the predictive value of the sensation of warmth and inability to raise a straight leg after 3-4 ml or 1.6 ml, respectively, of 0.5% isobaric bupivacaine is 1.0, whereas it is only 0.04 if pinprick analgesia is tested after 0.5% bupivacaine 1.6 ml and 0.72 after 1.5 % heavy lignocaine 2 ml. Prolonging the testing time to 5 min improved the sensitivities of most of the tests, whereas the specificities and predictive values diminished.
It is concluded that the high predictive value of warmth as a method of detecting inadvertent subarachnoid injection compares favourably with other signs, and therefore sensation of warmth after 1.6-2 ml of 0.5% isobaric bupivacaine as a test dose should be studied in obstetric patients. If it were more sensitive in these patients than in the elderly men in the present study, it would represent a rapid and easy test with a high predictive value. The best follow-up time for a test dose seems to be 3 min, as the predictive value of most of the tests decreases thereafter. In order to improve the sensitivity of a test dose, more than one sign should be sought.
